< 

in 



CM 

oo 
in 




Europaisches Patentamt 
European Patent Office 
Office europien des brevets 





0 Publication number: 



0 582145 A1 



EUROPEAN PATENT APPLICATION 



@ Application number: 93111765.9 
0 Date of filing: 22.07.93' 



© int. ci.5 : H01 R 9/09 



© Priority: 05.08.92 JP 227825/92 


© Applicant: THE WHITAKER CORPORATION 


Suite 450. 


© Date of publication of application: 


4550 New Linden Hill Road 


09.02.94 Bulletin 94/06 


Wilmington, Delaware 19808(US) 


© Designated Contracting States: 


© Inventor: Kawaguchi, Akira 


DE FR GB IT NL 


624-9, Kishl, 




Musashlmurayama-shl, Tokyo(JP) 




Inventor: Ohtsu, Akihlko 




3-22-6, Shukugawara, 




Tama-ku, 




Kawasakl-shl, Kanagawa(JP) 




© Representative: Klunker . Schmltt-Nilson . 




Hlrsch 




Winzererstrasse 106 




D-80797 MUnchen (DE) 



© Coaxial connector for connecting two circuit boards. 



© A coaxial connector for connecting two sub- 
strates with reduced component count and suitable 
for high density packaging comprises a housing 26 
having a throughhole 28 which is placed on a circuit 
board 2. A male terminal 22 is secured in the hous- 
ing 26 and is connected to a ground conductor 18. 
On the other hand, a housing 66 having a through- 
hole 68 is placed on another circuit board 4. A 
female terminal 62 is secured in the housing 66 and 
is connected to a ground conductor 19. Signal con- 
ductors 16, 17 are formed on the circuit boards 2, 4, 
respectively. A bolt 6 is used to mate both housings 
26, 66 to connect the circuit boards 2, 4 and elec- 
trically interconnect the signal conductors 16, 17 on 
the* both circuit boards 2,4 * 
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Field of the Invention 

The present invention relates generally to an 
electrical connector, more specifically to a coaxial 
connector for interconnecting two substantially par- 
allel circuit boards. Particulary, the invention relates 
to a connector according to the preaable part of 
claim 1. 

T 

Background of the Invention 

High frequency signal transmission is essential 
in such electronic appliances and equipment as 
communication equipment, computers, etc. In such 
electronic appliances and equipment, it is typical to 
use a plurality of substrates or circuit boards. In 
order to transmit wideband signals between such 
substrates with minimum signal distortion, it is typi- 
cal to connect a coaxial connector on each sub- 
strate and interconnect such coaxial connectors 
with a proper length of coaxial cable or jumper 
cable. One typical example of such conventional 
coaxial connector is an L-type connector 100 in 
Fig. 4 as disclosed in Japanese Publication No. 
110780/91. The L-type connector 100 comprises a 
cap connector 106 mounted on a substrate 108 
and a plug connector 104 connected to one end of 
a coaxial cable 102. 

In the conventional coaxial connector as men- 
tioned above, component count is relatively large, 
and a relatively large space for accommodating the 
jumper cable is needed. Also, the mating operation 
of the matable coaxial connectors is not easy and 
is time consuming. Additionally, such conventional 
coaxial connector is not suited for compact and 
high density electronic appliances having a limited 
space. 

Summary of the Invention 

It is therefore an object of the present invention 
to provide a coaxial connector for connecting two 
substrates which requires less space, has small 
component count, and is simple in construction and 
mating operation. 

In order to solve the problems associated with 
the conventional coaxial connector, the coaxial con- 
nector for connecting two substrates according to 
the present invention uses an electrically conduc- 
tive screw as the center conductor of the coaxial . 
connector as well as mounting the two substrates 
substantially parallel to each other. 

The present invention provides a coaxial con- 
nector as defined In claim 1. Preferred embodi- 
ments are defined in the dependent claims. 



Brief Description of the Drawings 

The invention will now be described by way of 
example with reference to the accompanying draw- 

5 ings in which: 

Fig. 1 is a vertical cross-sectional view of one 
preferred embodiment of the coaxial connector 
for connecting two substrates according to the 
present invention. 

w Figs. 2A-C are respective plan, front and vertical 
cross-sectional views showing the female con- 
nector constituting one half of the coaxial con- 
nector for connecting two substrates according 
to the present invention. 

75 Figs. 3A-C are respective plan, front and vertical 
cross-sectional views showing the male connec- 
tor constituting the other half of the coaxial con- 
nector for connecting two substrates according 
to the present invention. 

20 Fig. 4. is a perspective view showing an applica- 
tion of the coaxial connector for connecting two 
substrates according to the present invention. 
Fig. 5 is a vertical cross-sectional view similar to 
Fig. 1 showing another embodiment of the co- 

25 axial connector for connecting two substrates 
according to the present invention. 
Fig. 6 is a cross-sectional view of a conventional 
coaxial connector. 

30 Detailed Description of the Invention 

Preferred embodiments of the coaxial connec- 
tor for connecting two substrates according to the 
present invention, hereinafter referred to simply as 

35 a coaxial connector will be described hereunder in 
detail by reference to accompanying drawings. 

Illustrated in Fig. 1 is a longitudinal cross sec- 
tional view at one part of interconnection between a 
pair of substantially parallel circuit boards 2, 4 

40 utilizing a coaxial connector 1 according to the 
present invention. The coaxial connector 1 com- 
prises a male connector 20 and a female connector 
60. 

In Fig. 1. the male connector 20 has a male 
45 terminal 22 press fitted in a housing 26 with legs 
24 of the male terminal 22 surface mounted on a 
ground conductor 18 on one circuit board 2. On the 
other hand, the female connector 60 has a female 
terminal 62 press fitted in a housing 66 with legs 
so . 64 of the female terminal 62 surface mounted on. a 
ground conductor 19 on the other circuit board 4. 
Both connectors 20, 60 are mated with each other 
and a bolt 6 or an electrically conductive screw Is 
inserted into a bolt-receiving hole 8 In the circuit 
55 board 2 at the center of the coaxial connector 1 so 
that the bolt 6 is screwed into a threaded hole 10 in 
the circuit board 4 for mounting both circuit boards 
2, 4. Preferably, the female threaded section 10 is 
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made by tapping thick plating in an opening 12 in 
the circuit board 4; however, it may be a separate 
threaded grommet. When completely mated, the 
bolt 6 makes electrical connection between signal 
conductors 16, 17 on the outer surfaces of the 
circuit boards 2, 4 while acting as a center conduc- 
tor of the coaxial connector. That is, a head 7 of 
the bolt 6 makes electrical connection with the 
signal conductor 16 by pressing thereon, while a 
threaded section 9 of tye bolt 6 contacts the 
threaded section 10 electrically connected to the 
signal conductor 17. Since the bolt 6 is a part of 
the signal path, it is required to be an electrically 
conductive such as, for example, copper. Also, it 
may be possible or preferable to use a spring 
washer between the head 7 of the bolt 6 and the 
signal conductor 16 to improve electrical contact 
therebetween. 

Mating between the male connector 20 and the 
female connector 60 can be made by slightly in- 
serting the male terminal 22 into the female termi- 
nal 62 and then rotating the bolt 6 so that the both 
connectors 20, 60 move toward to each other until 
they are completely mated. The bolt 6 may be 
made from brass, copper, etc. plated with nickel 
over the entire surface. It may therefore be made 
from a highly electrically conductive material as 
copper if plated with highly conductive material. It 
is of course true that the bolt 6 may be made of 
good electrically conductive metal without any plat- 
ing. It can be any bolt complying with the JIS 
(Japanese Industrial Standards). A suitable size of 
the bolt 6 is, for example, in the range of M0.8 to 
M1.5. The bolt length may be about 5-mm or 
longer depending on the gap between the two 
circuit boards 2, 4. 

The gap between the two circuit boards 2, 4 is 
usually maintained constant using a plurality of 
spacers 3 as shown in Fig. 6. The spacers 3 are 
usually mounted by screws. In the particular co- 
axial connector 1 as shown in Fig. 6, the coaxial 
connector 1 of the present invention may replace 
the spacers 3, thereby reducing the number of 
spacers 3 and also simplifying the mounting as- 
sembly of the circuit boards 2, 4. 

Illustrated in Figures 2A-C is the female con- 
nector 60. The housing 66 is generally rectangular 
as best shown in Fig. 2A and has a throughhole 68 
at the center thereof to position the female terminal 
62 therein. The housing 66, is formed with slots 72 
at three locations for receiving legs 64 of the fe- 
male terminal 62. Each slot 72 is in communication 
with the hole 68. As best shown in Fig 2B ( there 
are formed opposed projections 74 on the Inner 
surfaces of each slot 72. Each projection 74 is 
tapered at the top and has step portions 76 parallel 
with the circuit board 4 at the lower portion. 



As shown in Fig. 2A and Fig. 2C, the female 
terminal 62 is made by stamping and forming a 
metal plate such as phosphor bronze or brass. 
Each female terminal 62 comprises a cylindrical 

5 mainbody section 72 and legs 64 extending hori- 
zontally in three directions from the bottom portion 
of the mainbody section 72 which is formed with a 
plurality of slots 80. It is preferable that the main- 
body section 62 is formed with inward curves or 

10 recesses for providing resiliency when mated with 
the male terminal 22. The female terminal 62 is 
inserted into the hole 68 after aligning its legs 64 
with the slots 72 in the housing 66. The inserted 
female terminal 62 is secured in the housing 66 by 

75 press fitting the legs 64 between the bottom 82 of 
the housing 66 and the step portions 76 of the 
projections 74. Now, the legs 64 are ready to be 
surface mounted on the surface of the ground 
conductor 19 of circuit board 4 via the sloped or 

20 tapered sections 84. 

Now, reference is made to Figs. 3A-C illustrat- 
ing the male connector 20. As best shown in Fig. 
3A, the housing 26 is a generally rectangular box 
shape having a hole 28 at the center to locate the 

25 male terminal 22. The housing 26 is formed with 
slots 32 in the sidewall 20 to receive the legs 24 of 
the male terminal 22 at three locations. Each slot 
32 is in communication with the hole 28. As shown 
in Fig. 3B. there are formed spaced projections 34 

30 on the inner surface of each slot 32. The projection 
34 is tapered upwardly and has a step portion 36 
at the lower portion in parallel with the circuit board 
2. 

As best shown in Fig. 3A and C, the male 

35 terminal 22 is made by stamping and forming a 
metal plate. The male terminal 22 comprises a 
cylindrical mainbody section 38 and legs 24 ex- 
tending in three directions from the lower portion of 
the mainbody section 38 substantially parallel with 

40 circuit board 2. The mainbody section 38 is dimen- 
sioned to contact the inner surface of the female 
terminal 62. Similarly to the female terminal 62, the 
male terminal 22 is secured in the housing 26 by 
press fitting the legs 24 in the slots 32 and be- 

45 tween the bottom portion 40 of the housing 26 and 
the step sections 36. The legs 24 are bent at the 
tapered portion 42 for surface mounting onto 
ground conductor 18 of circuit board 2. 

Fig. 5 is another embodiment of the coaxial 

so connector 1 for connecting two substrates agcorjj- 
ing to the present invention. For convenience, simi- 
lar reference numerals are used in Fig. 5 to refer to 
like elements as in Fig. 1. This particular embodi- 
ment of the coaxial connector V for connecting two 

66 substrates comprises a female connector 60* in- 
cluding a housing 66* having a cylindrical section 
67 therein. There is provided an electrically con- 
ductive coil spring 88 between the cylindrical sec- 
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tion 67 and the female terminal 62. When the male 
connector 20 and the female connector 60' are 
mated with each other, the male terminal 22 is 
inserted in the gap between the cylindrical section 
67 and the female terminal 62. The inserted male 
terminal 22 compresses the coil spring 88 at the 
front end 23 of the male terminal 22. The coil 
spring 88 protects loosening of the coaxial connec- 
tor 1'. The coil spring 88 is dimensioned to contact 
the female terminal 62, thereby making positive 
electrical contact between the finale terminal 22 and 
the female terminal 62. 

Referring again to Fig. 1, a description will be 
made on the fully mated male connector 20 and 
female connector 60. In order to absorb any slight 
misalignment between the circuit boards 2, 4, there 
is formed a clearance or gap 86 between the 
female terminal 62 and the housing 66. The clear- 
ance 86 allows the female terminal 62 to deflect or 
deform slightly within the clearance 86, thereby 
absorbing possible misalignment between both cir- 
cuit boards 2, 4. Also, it is to be noted that imped- 
ance matching is achieved by the mainbody sec- 
tions 78. 38 of the female terminal 62 and the male 
terminal 22 encircling the bolt 6 at the center 
thereof. 

The preferred embodiments of the coaxial con- 
nector according to the present invention have 
been described hereinbefore by reference to the 
accompanying drawings. The present invention is a 
coaxial connector for electrically interconnecting 
signal and ground circuits on a pair of circuit 
boards with predetermined spacing therebetween 
and matched impedance. It is to be understood 
that various modifications can be made in the 
shape of the housing and both male and female 
terminals may be a throughhole type rather than 
the surface mount type and the housings may be 
any desired shape other than circular or cylindrical. 
Also, it is to be understood that different housing 
heights may be used to adjust spacing between 
the two circuit boards or substrates. 

The coaxial connector for connecting two sub- 
strates according to the present invention com- 
prises an electrically conductive screw to mount a 
pair of substantially parallel substrates also defining 
the center contact and has the following advan- 
tages. 

The two substrates or circuit boards can be 
ir\terqpnnected with a short signal path, thereby 
minimizing signal delay of the high frequency sig- 
nal to be transmitted through the coaxial connector. 
Additionally, the jumper cable is eliminated, there- 
by reducing the required component count, making 
the construction less expensive and simpler, and 
reducing the required space which is suitable for 
high density packaging. The mating operation is 
improved by simply bolt mating of the coaxial 



connector. The assembling is also very simple 
requiring only a single connection. The coaxial 
connector can be the spacer between the two 
circuit boards, thereby further reducing assembling 
5 steps of the two circuit boards and also reducing 
the cost due to reduced number of required spac- 
ers. Impedance can be controlled easily by choos- 
ing the diameter of the bolt for impedance match- 
ing. 

TO 

Claims 

1. A coaxial connector for electrically connecting 
signal and ground conductors (16, 17, 18, 19) 

75 of circuit boards (2, 4) comprising a center 

contact member (6) for connecting the signal 
conductors (16, 17) together and an outer con- 
tact means (22, 62) for connecting the ground 
conductors (18, 19) together, characterized in 

20 that said center contact member (6) is exten- 

dable through the circuit boards and electri- 
cally engages the signal conductors on the 
outside surfaces of the circuit boards; and said 
outer contact means (22, 62) include matable 

25 members (22, 62) that telescopically engage 
each other including contact members (24, 64) 
electrically connectable with the ground con- 
ductors on the inner surfaces of the circuit 
boards. 

30 

2. A coaxial connector as claimed in claim 1, 
characterized in that said matable members 
(22, 62) are secured in insulating housing 
members (26, 66) with said contact members 

35 (24, 64) being disposed within slots (32, 72) in 
said housing members and including contact 
sections extending outwardly from said hous- 
ing members and being disposed in the plane 
containing the bottom surface of said housing 

40 members. 

3. A coaxial connector as claimed in claim 2, 
characterized in that said slots (32, 72) include 
latching surfaces (36, 76) engaging said con- 

45 tact members (24, 64) to maintain said contact 
members within said slots. 

4. A coaxial connector as claimed in claim 1, 2 or 
3, characterized in that said matable members 

so , (22 4 62) .are cylindrical and one. of §aid [oatatye 
members has slots (80) therein. 

5. A coaxial connector as claimed in claim 4, 
characterized in that one of said housing mem- 

55 bers (66') has a cylindrical section (67) therein 
spaced from said matable member (62), and a 
coil spring (88) is disposed between said cylin- 
drical section and said matable member (62). 
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6. A coaxial connector as claimed in any of clams 
1 to 5, characterized in that said center contact 
member (6) comprises a bolt member (6) hav- 
ing a head (7) and a threaded section (9). 

s 
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FIG. 4 
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